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Different age groups were recognised in a mangrove 
forest that progressed over a delta forming after the 
construction of a harbour in the Umhlatuze Estuary, 
South Africa in 1976. The rate of progress was high dur-
ing the first period, varying from 20 to 55ha year " until 
1982. Thereafter there was a small decrease in the total 
area, whereas the rate has been 5.4ha year ·1 over the 
last 13 years. Diameter at breast height (dbh) and den-
sities of trees and seedlings were investigated in the 
field in the different age groups recognised from the 
aeria l photo record covering the area. The youngest 
stands (1-6 years old trees) had a significantly lower 
Introduction 
In the beginning of the 1970's it was decided to develop a 
deep-sea harbour in the Umhlaluze Estuary close to 
Richards Bay, South Africa (Figure 1). 
In order to avoid problems with sedimentation within the 
harbour area, the Urnhlatuze River was canalised and redi-
rected southwards, entering the Sanctuary Area. Moreover, 
the tidal flushing in the sanctuary was restored by breaching 
a new mouth through the dunes, Shortly a~er the construc-
tions were completed , the mangrove forest started to 
expand over a delta forming where the Umhlatuze River 
enters the sanctuary. The colonisation of this delta was 
made possible mainly due to an increase in the tidal range 
from 0.4 meters before to 1.4 meters after the construction 
(Huizinga and Van Niekerk 1998), leading to the exposure of 
the delta area at low tide. An increase in sedimentation prob-
ably contributed some to this effect as well (Cooks and 
Bewsher 1993, Huizinga and Van Niekerk 1998). Since 
there are aerial -photos covering this area during the period 
concerned, it is possible to recognise when the diHerent 
parts of the delta were colonised and thereby estimate the 
age of the mangrove stands. 
The objective of the study was to map the progression of 
the mangrove forest over Ihe newly formed delta and 
describe structural properties of the diHerent age stands. 
This information is needed for further management of the 
estuary and it will give indications on how the further devel-
opment of the mangrove fo rest will lake place. Furthermore, 
mean dbh compared to the older stands (>6 years), The 
difference was also clear when it came to stem densi-
ties, where significantly higher densities were found in 
the youngest stands, The mean density of live seedlings 
was high in the youngest stands, being significantly 
lower in the older stands. When it came to the mean 
density of dead seedlings, the number from the 
youngest stand was lower than the ones obtained for 
older groups. The oldest group had however a very low 
density. It is suggested that the mangrove progression 
has slowed down, thus indicating that the system is set-
tling down, 
it aHorded a good opportunity 10 follow the development of a 
mangrove forest from colonisation to maturation. 
Methods 
Sfudy Site 
The Umhlatuze Estuary (3 OOOha, 28°47'S to 28°51 'S and 
32°0Q'E to 32°06'E) is located just outside the city of 
Richards Bay in the province KwaZulu Natal in South Alrica 
(Figure 1). The main river entering the estuary is the 
Umhlatuze River with an average flow of lrom 350-500m' 
sec" during summer and about 250m3 sec I during winter, 
however, the river almost cease flowing in the winter (Cooks 
and Bewsher 1993). The mangrove forests are mainly locat-
ed in the southern and western parts of the estuary with the 
species Avicennia marina (Forssk.) Vierh., 8ruguiera gym-
norrhiza (L.) Lam. and a few Rhizophora rnucronata Lam. 
occurring there. Our study area is located in the western 
parts (Figure 3) and consists mainly of monospecific stands 
of A marina. The mangroves are covering an approximate 
area of 427.5ha (Steinke 1999) making it the largest man-
grove forest in South Africa. 
Study procedure 
The progression of the mangrove forest was mapped by 
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Figure 1: The location of Richards Bay in southern Africa. This 
involved the construction of a berm wall across the estuary, dividing 
it into two parts (Figure 2a and b) 
examining the aerial photo record from the period 1974 to 
1999. The mangrove stands were classified in three different 
groups: Dense, spaced or scattered. Dense stands were 
appearing as continuous mangrove stands with a closed 
canopy. In situations when the canopy was not closed. Ihe 
class spaced was used. The term scattered was applied 
when the stands were far apart from each other but the 
boundaries to uncoJonised area being distinct. Sandbanks 
and mudflats were also mapped. 
Based on when a specific area was colonised, 5 different 
age groups were recognised. as shown in Table 1. The age 
groups were sampled in the field using randomly chosen 
quadrats within the age groups. Edge habitat was avoided 
since trees growing in edges experience different environ-
mental properties than tress growing in the interior. This 
would lead to differences in structure that could not be 
explained by differences in age. The size of the quadrat was 
usually 15 x 15m2 , however, in very dense stands smaller 
quadrats were used. Diameter at breast height (dbh). by 
convention 1.3 meters above the ground (Cintron and 
Schaeffer-Novelli 1984). was measured for all trees taller 
than 2m within a quadrat. Trees shorter than 2m and 
saplings (1-1.5m) were measured at half height. Plants 
shorter than 1 m were considered as seedlings and just 
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counted and classi fied as being dead or alive. For trees 
branching below breast height. all the stems at breast height 
were measured. It was noted whether the trees were alive or 
dead. alternatively if only some of the branches were dead. 
Seedlings were sub-sampled in each of the quadrats. 
Usualty all the seedlings at the site were sampled. but when 
seedling densities were high, they were sampled over a 
smaller area. The condition of the seedlings was also regis-
tered. i.e. whether they were dead or al ive. 
For calculation of mangrove areas, the information from 
the mapping was digitised using PC Arclnfo 3.1. Points on 
the ground that were recognisable on the aerial photos were 
measured using a GPS (Garmin XL 12). These points were 
used for adiustments of the scale of the aeriat photos. 
Results 
The mean annual rate of expansion of the mangrove forest 
has changed in the period examined (Figures 4 and 5). In 
the period from 1974 to 1980 the annual rate was about 
20ha year \ increasing to over 55ha year " during the next 
two years. In the 5-year period preceding 1986 the rate was 
negative (-1 .6ha year '). riSing to an average of 5.4ha year ' 
over the last 13 years. 
Shortly after the completion of the berm wall and the 
breaching of a new mouth, the system was very unstable. 
The cross sectional area of the new mouth was varying 
between 300 and 650m' (Huizinga and Van Niekerk 1998) 
causing great changes in the tidal regime. Redirection and 
canalisation of the river lead it outside the original mangrove 
swamps and delta area, making the river's connection with 
the sea better. Furthermore there was a flood in 1977 caus~ 
ing additional disturbances in this period. It was reported 
that 'the sanctuary is full of logs. debris and floating islands' 
(Anon 1977). From aerial photos it is also evident that there 
has been a flush out of sediments and newly established 
plants. Even though large areas were available for colonisa-
tion, a relatively small area was colonised. Most 01 the 
increase in mangrove area was made out of newly estab-
lished seedl ings. However. during the next two years (1980 
to 1982) the delta experienced a massive colonisation and 
all habitats suitable for establishment 01 mangrove seedlings 
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Figure 2: a. The UmhJatuze Estuary in 1968 before the construction of the harbour took place b. The Umhlatuze Estuary in 1976 alter the 
construction of the new harbour was completed (Cooks and Bewsher 1993) 
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Figure 3: The different age groups recognised in the mangrove of the Umhla tuze Estuacy. Each quadrat is indicated with a #. The study area 
is indicated in the inser1 ion 
was colonised at that time. No major floods were recorded 
for th is period. The scattered stands devetoped into more 
dense stands during the next period from 1982 to 1986. 
During this period there was in fact a small decrease in total 
mangrove area. This can partly be explained by the flooding 
caused by the Domoina and tmboa Cyclones in 1984 that 
may have caused newly establ ished seed lings (and 
saptings) to be covered with sediments or merety flushed 
away. This was the case in the Lake St Lucia Estuary 70km 
north of the Umh[atuze Estuary where propagu[es and flow-
ering material were lost in the flood waters accompanied by 
the cyclone and thereby reducing establ ishment of seedlings 
the same year as well as causing minimal propagule pro-
Table 1: Age groups used for classification of mangrove stands 
Group Colonislng Years Arrpoxlmale Age 
1 Before 1978 > 20 years 
2 t 979-1983 16- 20 years 
3 1984- 1988 11- 15 years 
4 1989- 1993 6--10 years 
5 1994- 1999 < 6 years 
duction the following year (Steinke and Ward 1989). 
During the last 13 years the expansion rate was relat ively 
[ow (5.4ha year '). A flood in 1987 could probably have 
caused similar effects as indicated for the 1984 cyclones, 
but the [ow rate can also be contributed to the fact that suit-
able habitat for mangrove colonisation was not as abundant 
as it was in the earlier periods , merely because it had 
already been colonised. 
The resul ts of the investigation of the structural parame-
ters are presented in Figure 6 and 7. It should be mentioned 
that the data obtained on B. gymnorrhiza is [e lt out of the ca[-
culations. Its occurrence was very rare and including them 
would only have complicated the statistical analyses. The 
results therelore only apply for A. marina. 
The results show that the mean dbh in the youngest age 
group (Group 5) was signif icantly different from the mean 
dbh in the older age groups (Group 1-4) (Figure 7a). This 
can also be shown by examining the relative proportion of 
the size classes for the different age groups: There was a 
high proportion of small dbh (D-9cm) in the youngest group, 
whereas the older groups had a higher proportion of large 
dbh (10-49cm) (Figure 6). This suggests that mangrove 
development is rapid and within 6-7 years after colonisation 
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Figure 5: The rate of change in the mangrove area during the peri-
od 1974--1999 
the stands have developed into mature stands. The small 
variation between the four older age groups indicates that 
the forest structure, when it comes to the size of the trees, 
does not change much after th is stage is reached. 
Therefore, it seems like this mangrove forest structurally can 
be divided into just two groups, that is: Newly established, 
young stands or mature stands where the trees are usually 
older than 6-7 years. This is supported by the data obtained 
on mean stem densities at breast height in the diHerent age 
groups (Figure 7b) . Again the youngest age group was sig-
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Figure 6: The size class distribution in the different age groups: 
0(1974- 78) , + (1979-83). x (1984-88), 0 (1989-93) , 0 (1994--99) 
nificantly diHerent from the four older groups in which the 
densities were stable and lower. The mean density of live 
seedlings was found to be highest in the youngest age group 
(Group 5) (Figure 7c). It was significantly lower in the older 
groups , however, the group from the period 1979 to 1983 
(Group 2), had a higher mean density than the others. 
Looking at densities of dead seedl ings, we found increasing 
mean densit ies moving into older stands, except for the 
stand where colonisation took place before 1978, in which 
the mean densities were very low (Figure 7d) . 
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Discussion 
The rapid establishment of A. marina thai was pronounced 
during the firsl period has also been observed by other 
authors. It is also in agreement with that the species is con-
sidered to be a pioneer in mangrove communities (Steinke 
1999, Adams et al. 1998). 
Slem densilies are closely linked 10 Ihe dbh, as it is 
expected that number of stems that can occupy a quadrat is 
smaller when the diameters are large . The great variability 
found in Ihe youngest age group can be explained as fo l-
lows: This group is eilhe r characlerised by I) A large propor-
lion of saplings and smalilrees wilhin Ihe quadrat or II) One 
or two large, very branched trees with some small trees and 
saplings adjacent to these. The large trees probably supply 
the surroundings with propaguJes as it is observed for A. 
marina that propagules mainly strand and establish close to 
their parents, however they can also be transported further 
away (Clarke 1993). The first situation will lead to a high 
density whe reas Ihe latter means Ihal a low density will be 
experienced. The small size of quadrats (5 x 5m' ) used in 
the youngest stands would result in some of them contain-
ing only seedlings and saplings, whereas olher quadrats 
would contain a 'parent' tree as well. The use of larger 
quadrats could have been one solution to avoid this over 
estimat ion of densities. 
II is difficull 10 explain why mean density of live seedling 
was highest in the youngest age group in comparison to the 
effect of different ages, as seedling densities for A marina is 
dependent upon various factors, such as availability of 
propagules and inundation frequencies (Lee et al. 1996). 
The number of dead seedlings can give us an impression 
on how the survival of seedlings to the sapling stage is, i.e. 
a high proportion of dead seedlings would mean Ihal the sur-
vival to the sapling stage is low. The increasing mean densi-
Iy of dead seedlings in the older groups can possibly be 
explained by Ihe facl that these groups are stable , few gaps 
are created and thereby few possibilities for seedlings to 
develop to Ihe sapling stage. II is recognised that sufficienl 
light is necessary for reaching Ihe sapling stage as well as 
the availabilily of nutrienls (Clarke and Allaway 1993). Why 
the seedling densities in the oldest group are very low can 
be dependenl on various faclors. Predation by crabs (Clarke 
and Myerscough 1993), subslrale characleristics, inunda-
lion frequency and avai lability of propagules (Lee et al. 
1996) are possible factors Ihat can explain the amounl of 
seedlings at a site. 
Mangrove colonisation is less rapid today, compared to 
the decade afler the impoundments took place, merely 
because the amount of habitat available is much less today. 
The availability of propagules does nol seem to be a limiting 
factor. The system does not seem to be severely affected by 
the floods that have occurred during th is period, extensive 
sedimentation has not taken place and there has not been a 
major damage of the mature mangrove stands. It can there-
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fore be concluded thallhe syslem probably has settled and 
that there will be no major mangrove expansion in the future, 
unless the system experiences further perturbations like the 
one in the 1970's. The situation of the new moulh should be 
monitored, however, since the size of this is the major deter-
minanl of Ihe lidal reg ime in Ihe system and thereby Ihe 
areas that can be vegetated by mangroves. 
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